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(54) Optimized synchronization preamble structure for OFDM system 



(57) I nis proposal describes an optimized synchro- 
nization (SYNCH) symbol sequence to be used in trans- 
mission systems, which are currently under standardi- 
zation. The synchronization symbol Is constructed using 
specially designed OFDM (orthogonal frequency divi- 
sion multiplexing) symbols with an optimized sequence, 
which is mapped onto the modulated subcarriers. The 
resulting synchronization symbol consists of several 
repetitions in the time domain. Using the proposed se- 
quence the resulting synchronization symbol achieves 



a high timing detection and frequency offset estimation 
accuracy Furthermore the burst is optimized to achieve 
a very low envelope fluctuation (low Peak-to- Average 
Power Ratio) and a very low dynamic range to reduce 
complexity on the receiver and to save time and fre- 
quency acquisition time in the receiver. The proposed 
sequence Is furthemiore optimized with respect to all 
other synchronization symbols that are used to con- 
struct the synchronization and training preambles for the 
BCCH-DLCHs. 
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a receiver of an OFDM transmission system «^ansm.tlor as well as to a method for the synchronization of 

samples of the delayedverslon Of thesignalsa^eqeSa^ds/ni^^^^^^^ fZT H "^^^ *=°"'P'«'^ 
are set into the moving average unit 6 S a 3ow W^^^^^^^ ^^^^ --P'es- The products 

and/or maximum search (units 5, 7. 8) to find the a^n^^UrZn Th ■ P°«'P^°««ssed for a threshold detection 
generated by the unit 9 cL be used to e^^^^^^^ 

TcSrerbrrs^^^ 

further parts. Each of the A-FIELD and the B-fS'ld and t^ C n n ^ ^f"'' ''^ ^'^^^^^ sMided in 

chronization function at the receiving s d^ ThTA piELD f^^^^^^^^ ^P^-^'^^^ ^P-cial syn- 

automatic gain control (AGC). The B FIELD seLs as a r^^^ „ ' ^ coarse frame detection and an 

FIELD serves for a channel eUma.lon and fin:^^^^^^^^^^ ''''"^'^^ '^--9 synchronization. The C 

iSicSt'^^a^sernriteT^^^^^^^ 'TI^:: °' '■^'^'-^ '-"^^ European patem 

prior artaccording to a.t;e543TE7a^^^^^^^^^ 

domain synchronization preamble signal as shown in fir!lJ i . ^^"^'^"^ ""^ generation of the time 

cation. ^ "9"'® ^ reference is made to said prior non-prepublished appli- 

fre^Vd^Sa? °* '^"^ ^^"^^^"^ °' "^'^ '^e present invention, are defined in 



iSS 

^ C64 



U -26-26={1-1'-''.-1. 1.1.-1. 1.-1.1.1.1. 1,1, 1.-1.-1. 1.1.-1. 1.-1. 1.1. 1.1.0. 

1.-1.-1. 1. 1.-1.1.-1, i..i.-i.-i.-i,-i.i.i..i..i .,_.n., ., , ., .,j ■ 

[0007] The content in the frequency domain is defined as: 



40 



B16.26 2e = sqrt(2)-{0.0.1 + j.O.O.O.-l +j.0.0.0,-1-j.0.0.0.1-j,0.0,o.-i.j.o.0.0.1- 
j.0.O.O.O.O.O.0,1-j.0.0.0.-1-j,0.0.0.1-j.0.0.0,-i.j.o.0.0.-1+j,0.0,0.Uj.0.0} 

g' modulated. Thecontent in the frequency dlainlltfrne^^s 

f '^-26-26 = 0.0.0.+1-j.0.0.0.+1+j.0.0.0.-1 +j.0.0,0..1-j.0.0.0.+1-j.0.0.0.-1-j,0 

0.0.+1 -j.0.0.0,-1 -j.0.0.0.+1-j.0,0.0.-1 -j,0.0,0.-Uj,0.0.0,+1+j,0,0.0.0} 

so srL:':xz^^^^^^^ 

[0011] An optimized matching betrJn A and B-F^ErD^th^^^^^ k/'- " ' '^''^ °' "^^ ^^^^^^^'"9 

thus the timing accuracy improvement whtehT. hL^!,, I '® ^^'''^^^^ fi9"re 3 and 

Twoclearsing'.eACamS'd:;::s'ca?Jei^^^^^^^^^ 

second AC peak can be seen, which is advar^taaeous nr?«rf ^^^^ k ^ Pl^teau in front of the 

^5 to invoke correlation peak search algorism) synchron.zat.on processing (e.g. used as threshold 

' [SSiij r:yr?^rerc^i;:f,^.^ 

^•-12, +.16. +-20. +-24 are mo^aS. °' subcarriers +-4. +-8. 
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B1 6.26 2g=sqrt(2)-{0,0, 1 +j.0,0.0.-1 -j.0.0.0.1 +j.0.0.0.-1-j.0.0.0. 
-1 -j,0.0.0, 1 +j.0.0.0.0.0.0.0-1 -j,0,0,0.-1 iO.O.0. 1 +j.o.o.a 

1 +j.0,0.0. l+j.0.0,0. 1 +j.0,0) 

[001 6] The generalized mapping tor field B Is: 

S.26.26=sqrt(2mo.S1.0.0,O.S2.0.0.0.S3.0,0,0,S4.0,0.0,S5,0,O.O.S6.0.0.0.0. 
0,0,O.S7,O.O.O.S8.0.0.0,S9.0.0.0.S10.0.0.0.S11.0.0.0.S12.0.0} 

dedicated number of short symbols. generated. The IFFT output is cyclically extended to result in the 

[001 7] The generalized mapping for field A is: 
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S.26.26=sqrt(2)*{O.O.O.O.S1.0.0.0.S2.0.0.0.S3,O.O.O.S4.0.0.0.S5.0.0.0.S6.0^ 
S7.ao,O.S8.0.0.0,S9.0.0,O.S10.0.0.0.S11.0AO,Sl2.0.0.0.0} 

in .he dedicated numbLr oUhoIl symboT be generated. The IFFT ou.pu. is cyclically extended to resuS 

[001 9] The currently specified sequence for field A is: 

S1...12=H.j). (-Uj). H-o. .J ^.^^.j ^^^^.^ 

identify a frame start, adjust the AGC and to do limL fnH sequence proposed. The AC result is used to 
used for the later syr^chrLizatbnTasks ItTs veXoori^^^^^^^^ synchronization. Especially the B-FIELD can be 
With the configuration described twfautorrXZ oel rf n^ P°^«'ble. 
slopes on both sides of the B-FIeS peak ar^^et S^^^^^^ A-FI ELD modified B-RELD) are visible, however, the 
.his effect decreases the synchronLtS^SuraltS^^^^^ 9^^^'^"' ^ "^^ '^'O. 

auto-correlation oeak in fieH R r n^" «aa.t,onally a high plateau can be seen before the 

[00221 The abi,e ,o* l.«^SrB if LD ,„«™?o'3L",: *'•'=""; 

Ihe corraspomJIng reeaher synchronizalloi, Th. IJ^, ,„k " J"*" auK^onalalioo propsnies ol 
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according to the following scheme; sequences of 1 2 complex symbols to a 64-point IFFT 

5 

S.2g2s=sqrt(2)*{O.O.O.O.S1,0.0.0,S2,O.O.O.S3.0.0,O.S4.0.0.0.S5.0.0,O.S6.0.0.0, 
S7.0.0.0,S8.0.0.0.S9,0,0,O.S10,O.O.O.S1 1.0.0,0.312.0.0.0,0). 
10 wherein the remaining valued are set to zero 
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S1...S12=+A,+A.+A.+A.+A,-A,-A.+A,+A.-A.M.-A 
S1...S12=+A.+A.+A.+A.-A.-A.+A.+A.-A,+A.-A.+A 
S1...S12=+A.+B..A..B.-A.-B..A.-B.-A.+B.+A.-B 
S1...S12=+A.+B.-A.-B,+A.-B.+A,-B.+A.-B.-A.+B 
S1...S12=+A.-B.-A.+B.-A.+B.-A.+B.-A.-B,+A.+B. 



or 

30 



S1...S12=+A.-B.-A.+B.+A,+B.+A.+B.+A.+B.-A,.B 
or an order reversed modification thereof 



40 



45 



SO 



S3=(Uj). (l^j), .J ^^^.j ^^^.j ^^^.^ ^^^^^ 

[0027] Particularly the A-field sequences 

S1...S12=+A.-B,-A.+B.-A.+B.-A.+B.-A.-B,+A.+B. 



or 



S1...S12=+A.-B.-A.+B,+A,+B.+A,+B.+A.+B,-A,-B 

"^'^ -id B-filed sequence result in improved autocorrelation 

10030, '-"■n=--.».«.,=^^,.,.,p,,,,„,,„,„,^,j„'xr,t^^^^^ 
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OFDM transmission system is provided. 
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15 



figures of the enclosed drawings. embodiments of the present .nvention taken into conjunction with th, 

l^lgure 1 shows the general structure of a known synchronization preamble. 
Figure 2 shows the general concept of an auto-correlation technique. 
Figure 3 shows a correlation result achieved with sequences according to the prior art. 

plZt intnT^r -'"9 a firs, modified BCCH preamble according to the 

Figure 7 shows a time domain signal (power) of the known preamble. 

^u-eshows the time doma^ Signal achieved by means ofamodifiedA-RELD according tothepres 
eSl^nrS^^^^^^^^ 

- Sr. 2.:rtt:re^ru?ed'StVe1ir^^^ ^"^^^^"'^ ^"^^ ^" ^^'-^optimum PAPR 

junctfon with the B-RELD '° auto-correlation performance in con- 

^033] Theuseofthe,ollowingA-FIELDsequencesalreadyimprovesthetimedomainsignalpropertles(PAPROR 
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S1...S12=+A.+A,+A.+A,+A,-A,-A.+A.+A.-A.+A,-A 
SI.. .812= +A.+A,+A.+A.-A.-A,+A.+A.-A,4:A.-A.+A 
SI ...S12= +A.+BrA.-B.-ArB.-A,.B,-A.+B.+A,-B 
SI. ..SI 2= +A.+B.-A.-B.+A,-B.+A.-B.+A.-B,-A.+B 
S1 ...SI 2= +A.-B.A+B.-A,+B,-A.+B.-A.-B.+A,+B 
SI. ..SI 2= +A.-B.-A,+B,+A,+B.+A.+B.+A.+B,-A.-B 
With A = exp(r2*n*(^^) and B = A*exp(j | )=exp(j2.>,.j | ) and 0.0<<p^<i o. 
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S f advantageous also in case a preamble with only one part is used 

^ The following first sequence .s especally suitable to be used in field A (with the already explained mapping): 
S1...S12=(-1+j). (+l+j), (.i^j). ^^^^.^ 

^0 Sng)^'' ''"^ ^^^^'^'^''y ^""^"'^ '° "^^ - A is (With the already explained 
S1...S12= (-Uj). (+i-j), (.uj), (.uj). ^.^^.j ^ .j^,^ ^ 

'5 [0038] This second sequence is especially attractive as it uses only a binary alphabet (±1)*{+1-i). 
AC performance of the modified BCCH preamble (first new proposal for the A-field) 

roSimS7mitSgt:r;rn?^^^^^ 

leTsSe Of Srpi^tDirco^reT.^^^^^ "t' of the B-F.ELD peak are very similar (similar gradient on the right and 

10041] One advantage of this sequence is that both aulo^rrelation peaks have a very similar shape. 
AC performance of the modified BCCH preamble (second new proposal for the A-field) 

[0042] An optimized matchrng between A and B-FIFI n nf tho Rrr-u ^.^^^ux • 

leTsSe of rrFrm't?''' °' ^-^'^'^ P""' ^^'V ""^^^ Sra6lent on the right and 

[OOM] in this case the plateau is even lower as in the first modification and the second autOK^orrelation peak is very 
^5 Time domain signal properties 

converter resoTuio^ ^ ZlellZ'rS^T °' '"""'"^ ^ 
55 Currently proposed preamble 

Bciriy v.sioie. i-ieia a and field B have been optimized with respect to the PAPR and DR. 
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8-times oversampling was considered in order to ensure the peaks were captured correctly. 
Preamble with new pr pes d A-FIELD and m difi d B-FIELD 

fnnS p'^''^ I ^^f^^ ''""^ ^'9"^' °' '^'^ P^^^^'ble with modified A-FIELD (first A proposal! 

S r l'' "'9"^' °' P^^^"^'"^ ^'''^^ A-field (second ATroS) 

TaueL ^f/n?"" °" syr,chronization and training preambles that are already speoLd oSzed 

the^eouen- ' ^ '° ^'"^^"'^ ^ ^^^^"^^'^ °^ ^ called field) of it by mZng 

the sequence to the appropriate subcarriers of an OFDM symbol with a IFFT size of 64 The nrnn<»rt,«i^f 1 ^^PP'"^ 

because this new sequence » properly matched to the specified sequence in the B-field of the BCCH preamble T^e 
forTvnoh T'^'^" ""''^'"^ '""'"^ ^"'"^acy when the AC resutt in the B-field of the BCCH preaSs ule^ 
for synchronrzation. The trme domair, structures of the preambles as specified are not touched by thfe propos^ 

Summary of the advantages: 



[0053] 



• An OFDM based SYNCH symbol is proposed with a reduced Peak-to-Average-Power-Ratio (PAPR) 
improved synchronization perfomiance (timing accuracy compared to current specified preamble) ii achieved 

• No modrfication of the specified time domain preamble structures is necessary P^^^mbie) is achieved 
No extra complexity Is needed 

fISi«^^ "T"^' "^^"^^^ ^" ^""'"'"^^ synchronization (SYNCH) symbol sequence to be used in 

pec-ryTesiSSF^^ standardization. The synchronizaU symbol Is cons^cted usin 

maD^eLntJ m!l H (orthogonal frequency division multiplexing) symbols with an optimized sequence which is 
mapped onto the modulated subcarriers. The resulting synchronization symbol consists of several repetSions in the 

f~rersr^^^^^^^ 

SJciTHTrT^ " "^''""'^^ ^"'"'^''^ ^ ^^'y ^"^^'°P^ Peak-to-Average Power 

t^e in the reLivJrThe ^^^^^^^^^ '° '^'^"'^"^ °" "'^^^^^ ^"'^ frequency acqSon 

t J^t are us^d trconirrL^th^^^^^^^^^ " "^^"^^"^ "^''""^^ '^'^^ '° ^" ^VnohronizaL symbols 

mai are used to construct the synchronization and training preambles for the BCCH-DLCHs. 



Claims 



1. Preamble structure for the synchronization of a receiver of a OFDM transmission system, wherein 
- the structure comprises at least one first part (A-FIELD) 

" H^T "^^^ "'^"f o ^* (^■'''^''-D) ^^'^3 generated by IFFT transforming frequency 

domain sequences of 12 complex symbols mapped to a 64 point IFFT accordig to the foltowTna sSe 



Drding to the following scheme: 

S-26.26=sq'^(2)*{0.0,0.0,S1,0,O.O.S2,O.O.O.S3,0.0.0,S4.0.0,O.S5.0.0.0,S6,0,0.0. 
S7.0.0,O.S8.0.0.0.S9.0.0.0.S1 0.0,0,0.31 1,0,0.0.812.0.0.0,0}. 
wherein the remaining valued are set to zero, 

and the frequency domain sequence of the at least one first part (A-FIELD) is one of 
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S1...S12= +A.+A.+A.+A,+A,-A,-A.+A,+A.-A,+A.-A 



. S1...S12= +A.+A.+A,+A.-A.-A,+A,+A.-A.+A,-A,+A 
S1...S12= +A,+B.-A.-B,-A,-B.-A.-B.-A.+B,+A,-B 



S1 ...S12= +A.+B.-A.-B.+A.-B,+A.-B,+A.-B,-A,+B 
SI ...S12= +A.-B.-A,+B,-A,+B.-A.+B,-A,-B,+A.+B 



S1...S12= +A,-B,-A.+B,+A,+B.+A,+B,+A.+B,-A.-B 

or an order reversed modification thereof. 

Preamble structure, 
characterized in that 

it comprises at least one second part (B-FIELD) and 

the frequency domain sequence of the at least one second part (B-FIELD) is 

Sb = (1+0. (-1-1). (1+i). (-1-i). (-1-0. (1+0. (-1-0. (-1-0. (1+0. (1+0. (1+0. d+O- 

Preamble structure according to claim 2, 
characterized in that 

the at least one second part follows the at least one first part in the time domain. 
OFDM transmitter, 

designed for transmitting a synchronization preamble according to anyone of the preceding claims in the BCCH 
channel of an OFDM system. 

Method for the synchronization of a receiver of a OFDM transmission system, wherein 

the structure comprises at least one first part (A-FIELD) in the time domain. 
- the time domain signal of the at least one first part (A-FIELD) and the at least one second part (B-FIELD) being 
generated by IFFT transforming frequency domain sequences of 12 complex symbols mapped to a 64 point 
IFFT according to the following scheme: 

^-26^6=s^'^(2n0.0.0.0. S1.0.0.0,S2.0.0.0,S3.0,0,0,S4,0.0,O.S5.0,0.0,S6.0,0,0, 
S7.O.O,0.S8.O,O.0.S9,0,0.0,S1 0.0,0,0,81 1 .0,0.0.51 2.0.0.0.0}. 

wherein the remaining valued are set to zero, and 

the frequency domain sequence of the at least one first part (A-FIELD) is one of 

S1...S12=+A.+A,+A,+A,+A,-A,-A,+A,+A,-A.+A.-A 



SI ...S12= +A,+A.+A,4-A,-A,-A.+A,+A,-A,-hA.-A,+A 
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SI ...S12= +A.+B,-A.-B.-A.-BrA.-B.-A.+B.+A,-B 

S1..S12 = +A.+B.-A.-B.+A.-B,+ArB,+A.-B.-A.+B 

S1...S12 = +A,-B.-A,+B..A.+B,-A,+B.-A,-B.+A.+B 

S 1 . . . S 1 2 = + A, -B. - A. +B, + A. +B. + A, +B, + A, +B, - A, -B 
or an order reversed modification thereof. 

Method according to claim 5, 
characterized in that 

It comprises at least one second part (B-FIELD) and 

the frequency domain sequence of the at least one second part (B-FIELD) Is 

= (Ui). (-l-i). (Ui). (-i-i), (1+1), (.1.1)^ (1^1)^ (^^ij^ (^^jj^ (^^jj 

Method according to claim 6, 
characterized in that 

the at least one second part follows the at least one first part in the time domain. 
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